ABSTRACT
INTRODUCTION
Chronic hepatitis B (CHB) caused by hepatitis B virus (HBV) is a serious illness and a major etiological factor of liver cirrhosis and hepatocellular carcinoma (HCC). Upon infection, HBV enters the hepatocyte and undergoes replication within the infected hepatocyte. Higher replication rate of the virus leads to sustained inflammation and increased fibrosis. HBV results in by-production of reactive oxygen species (ROS) including hydrogen peroxide, superoxide anions, and lipid peroxides, which consequently change the oxidative state of the microenvironment. 1, 3 Furthermore, HBV also dynamically regulates the oxidative stress via its HBx (hepatitis B x protein) protein. 4, 5 An imbalance between the production and destruction of ROS results in excess ROS, which induce oxidative damage in cellular components. 6 Therefore oxidative stress plays a major pathogenic role in liver injury following CHB. It is suggested that the oxidative DNA damage increases the risk of HBV-induced HCC. 6 Glutathione peroxidase (Gpx) is a family of enzymes that constitute a main antioxidant defense system in mammals. 7 Gpx1 is the most abundant Gpx isoenzyme, which is also expressed in the liver. 8 Gpx1 is localized to the cytoplasm where it reduces H2O2 to water by employing glutathione (GSH) as an electron donor. 7 Gpx1 is thought to be the most important H2O2 scavenger. 9 Previous findings indicate down-regulation of Gpx in HBV transgenic mice. 10 HBV transgenic mice have reduced the level of Gpx protein in the liver, which is significantly less than wild type control. The Gpx enzyme activity was also significantly reduced in the liver of HBV transgenic mice compared with controls. Transfection of HBV genome into the human hepatoma cell lines C3A and HuH-7 resulted in decreased protein level of Gpx in C3A cells. 11 Adenoviral delivery of HBx into Hep3B cell line also results in reduced level of glutathione protein and cell viability following H2O2 treatment compared with non-transfected cells. 4 HBV-induced oxidative damage was reviewed elsewhere. 3 However, the association of serum Gpx1 with HBV progression has not been documented.
Serum iron has been widely studied in viral hepatitis specifically in HCV (Hepatitis C virus) infection.
12,13
Serum iron, ferritin, and transferrin are significantly different between HBV patients with cirrhosis and healthy controls as well as between patients with and without cirrhosis. Serum iron and ferritin are increased whereas transferrin is decreased in patients with HBV compared with controls. Serum iron and ferritin were positively correlated with serum ALT in cirrhotic patients with HBV. The MELD (Model for End-Stage Liver Disease) score was inversely correlated with serum transferrin in cirrhotic HBV. Serum iron and ferritin was significantly higher in cirrhotic patients with ALT>40 U/L whereas serum transferrin was significantly lower.
14 In a survey of 205 patients with CHB, hepatic iron deposits were found in 35.1% patients, which were significantly more prevalent in male patients. 15 The interaction of serum iron and Gpx1 in oxidative-induced injury has been studied in mouse astrocyte. 16 The interplay of serum iron and Gpx in HBV infection is not known. Therefore, the main objective of the present study was to evaluate the interplay of Gpx and serum iron on clinical and virological characteristics of patients with chronic HBV.
MATERIALS AND METHODS

Patients
One hundred and fifty adult, treatment-naïve, patients with CHB defined as being HBsAg positive and HBeAg negative according to current guidelines were randomly selected from 3505 participants of HBV cohort. 17, 18 The patients did not have co-infection with human immune-deficiency virus (HIV), hepatitis C virus, hepatitis D virus, and hepatitis G virus. They were not pregnant, and did not have autoimmune hepatitis, history of alcohol consumption, recent blood transfusion, and hemochromatosis. The patients had not received oral or intravenous iron-containing drugs, steroid, pegylated interferon, or nucleoside analog therapy at the time of the sample collection. Written informed consent was obtained from all the individuals. The study was conducted according to the Declaration of Helsinki. The Institutional Review Board and the Ethics Committee of the Digestive Disease Research institute approved the study protocol.
Study Design
At the first visit, demographic data of the participants were recorded. Liver stiffness was assessed by transient elastography, and 10 ml peripheral venous blood was collected. Sera and plasma samples were stored at -70°C until further processing.
Glutathione Peroxidase Measurement
Glutathione Peroxidase concentration was measured in the plasma samples by enzyme-linked immunosorbent assay (ELISA) using the Human Glutathione Peroxidase 1 ELISA Kit (BIOVENDOR-LABORATORNI MEDICINA A.S. Hong Kong, China) according to the manufacturer's instructions. The lower limit of detection of the kit is 45 pg/mL. 
HBV-DNA Quantification
Liver Stiffness Measurement
Liver stiffness was measured by a trained medical doctor using the FibroScan ® 502 machine (EchoSense, Paris, France, 5 MHz) following at least 3 hours fasting. According to the manufacturer's guidelines the M and XL probes were used for individuals with thoracic perimeter of less than or above 110 cm, respectively. With the patient lying in the dorsal decubitus position with maximal abduction of the right arm, the probe was placed on the skin overlying the right lobe of the liver, through the intercostal spaces. At least 10 measurements were done for each patient and the median value was recorded. Values were considered valid if the interquartile range (IQR) was less than 30% of the median reading and the success rate was at least 60%. The median value was calculated automatically and expressed in kilopascals (kPa). Transient elastography was not performed in cases of any degree of ascites, ferromagnetic tools in the body, pregnancy, or morbid obesity as suggested by the manufacturer. Cut-off for the advanced liver fibrosis was set as equal or greater than 8 KPa.
Statistical Analysis
Statistical analysis was performed using the Stata software version 12 (Stata Statistical Software: Release 12. College Station, TX: StataCorp LP). Data were expressed as mean±SD and number (percent) for continues and categorical data, respectively. Baseline characteristics were tested between male and female patients using independent t test or Chi-square test, as appropriate. Simple linear regression analysis was used to determine the probable risk factors of HBV DNA count and liver stiffness. Also, Pearson correlation was calculated to determine the linear relations between continuous variables. In order to examine the strength of direct and indirect associations among variables, path regression analysis was used, which measures the causal association of the variables in a hypothesized system. P value of less than 0.05 was considered as statistically significant.
RESULTS
Overall, 150 patients with CHB (65 [43.3%] male) with the mean±SD age of 59.2±7.0 years were investigated. Log HBV DNA count and liver stiffness were 2.98±1.05 and 5.16±2.24 kPa, respectively. The mean concentrations of serum iron and Gpx were 69.31±25.96 μg/dL and 2.33±2.87 ng/mL, respectively. The baseline characteristics of patients are summarized in table 1. Overall, 129 (86%) patients had mild fibrosis, 14 (9%) had moderate fibrosis, and 7 (5%) had advanced liver fibrosis on liver stiffness measurement. The levels of Gpx, serum iron, and HBV DNA in different stages of liver fibrosis are summarized in table 2.
Association of Serum Iron with HBV DNA Count
We measured the association between the patients' features and HBV DNA count. Serum iron had a positive association with HBV DNA count in the total population. Increasing each μg/dL of serum Iron added 0.01 to the HBV DNA log count [p=0.002, 95% CI: (0.004 to 0.017)]. We also observed a negative association between serum Gpx and HBV DNA log count, albeit it was not statistically significant [p=0.05, -0.06 (-0.12 to 0.001)]. We did not detect an interaction between sex and either serum iron or Gpx on the HBV DNA. Therefore, we did not observe a significant difference between the association of serum iron or Gpx on HBV DNA in men and women (figure 1).
Determinant Factors of Liver Stiffness
We also measured the association between the patients' features and liver stiffness. Serum iron was not associated with liver stiffness, however, HBV DNA count was positively associated with it [p=0.006, 0.48 (0.14 to 0.82)]. The effect of HBV DNA on liver stiffness was significantly different between male and female patients (p for interaction=0.018). HBV DNA was significantly associated with liver stiffness only with no significant interaction between sex and Gpx (p for interaction=0.398). However, in the subgroup analysis, the association between Gpx and liver stiffness was not statistically significant in men possibly because of the small sample size. We did not distinguish a significant association between serum iron and liver stiffness (figure 2). More over we did not detect significant associations between age, sex, and smoking and HBV DNA level and liver stiffness. BMI was positively associated with liver stiffness in women. However, the interaction of BMI and sex was not significant. This might be due to the significantly higher BMI in women in our study (data not shown).
Interplay of Serum Iron, HBV DNA, and Serum GPx
The directed and undirected dependencies of serum iron, HBV DNA, and Gpx on liver stiffness were analyzed by path analysis. We identified that serum iron was positively associated with HBV DNA log count [p=0.002; 0.01 (0.003 to 0.016)]. Serum Gpx was inversely associated with HBV DNA, albeit not significantly. We also identified that liver stiffness had posi- figure 3 .
DISCUSSION
Oxidative stress and serum iron are independently implicated in the pathogenesis of CHB. There is currently no report on the interplay of Gpx and serum iron on HBV DNA and liver fibrosis. We assessed the plasma concentration of Gpx and serum iron in 150 patients with CHB. We did not histologically assess the liver iron deposit, as liver biopsy specimens were not available for the patients. However, we had previously demonstrated the correlation of transient elastography with histological measure of hepatic iron deposition. 2, 19, 20 Therefore, we used the liver stiffness as an indirect measure of both liver fibrosis and liver iron deposit. We demonstrated that plasma level of Gpx was inversely associated with HBV DNA count and liver stiffness whereas serum iron was positively associated with HBV DNA count and was indirectly affecting the liver stiffness. The effect of serum iron on HBV DNA and HBV DNA on liver stiffness was affected by sex. Interestingly, HBV DNA was significantly associated with liver stiffness only in men. In the multivariate path analysis, which relies on the causal relationship of the investigated factors, it was confirmed that serum iron indirectly affected the liver stiffness via its effect on HBV DNA while Gpx1 both directly and indirectly regulated the liver stiffness.
Oxidative stress plays a major pathogenic role in liver injury following CHB. 21, 22 HBx protein of HBV renders hepatocytes more sensitive to H2O2-induced cell death 4 by reducing the liver Gpx content as well as activity. 11 We did not compare the serum level of Gpx in patients with CHB with healthy controls. However, we identified an inverse association between serum Gpx concentration and the degree of liver fibrosis. Higher concentration of serum Gpx was detected in patients with lower stages of liver fibrosis. On the other hand, serum iron was identified as an independent predictive factor of HBV DNA count. However, we did not detect a significant association between serum iron and liver stiffness in the path analysis. In other words, although the serum iron is important in regulating the oxidative response in the course of HBV infection, its overall effect is mediated by the regulation of HBV DNA replication and hence, DNA count. The association between HBV DNA and fibrosis had been previously demonstrated. 23, 24 The results on the association of serum and liver iron on the progression of viral hepatitis are contradictory. Earlier studies have demonstrated that iron homeostasis is disrupted in HBV infected patients leading to increased serum iron as well as hepatic iron deposition. 5, [25] [26] [27] Patients with CHB and cirrhosis have significantly higher level of serum iron compared with those without cirrhosis.
14 Similarly, serum ferritin is significantly higher in CHB patients with progressive liver disease (and not the asymptomatic carriers) compared with healthy controls. 28 Hepatic iron content was also higher in patients with CHB and higher grades of fibrosis and higher stages, albeit not significantly. 29, 18 However, in other reports, serum iron and ferritin were not different between cirrhotic and non-cirrhotic patients with CHB 30 and were not associated with histological assessment of liver fibrosis. 28 In chronic hepatitis C, fibrosis staging is also positively correlated with higher hepatic iron content. 29 Serum ferritin and transferrin saturation are significantly increased in CHC with cirrhosis compared with non-cirrhosis. 31 The association of cell-specific hepatic iron deposit was assessed in CHC in relation to adverse clinical events including death, hepatocellular carcinoma, decompensated cirrhosis, and increased liver fibrosis. Iron content of hepatocytes and portal triads were significantly associated with the rate of an adverse clinical event. Serum ferritin and transferrin saturation were also associated with the poor outcome but not significantly. However, serum iron was a significant predictor of an adverse outcome.
32
Negative association of iron measures with fibrosis has also been reported in CHC. upon failure of the repair mechanisms can become fixated and result in potentially oncogenic mutations. 35 Currently, anti-oxidants such as N-acetylcysteine, S-adenosyl-Lmethionine, and vitamin E are utilized as supplementary medications in patients who have developed fibrosis. 36 We identified interplay of serum iron and Gpx1 in relation to level of liver fibrosis in CHB. It is conceivable that measures, which aim at targeting the ROS imbalance and hence reducing the oxidative stress in HBV-infected liver, could have therapeutic benefits for patients with CHB in terms of preventing the progressive liver damage, fibrosis, and ultimately cirrhosis.
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